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^>7l7l^fl^611 ^ ^O.^, 71 ^ ^>7l 7]^ 

*>°H, <M*H*^ ^7># ^tb ^.^ol i 5nm o)#oJ 3^ 30. 

S. 2a 
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t\7) 7}^ afl *]) {Perpendicular magnetic recording media} 
£ la^r ^2fl2] ^ *> 7 1 71^- ofl^l^ 7^^AS M-Ej-^H £^o]al, 

£ lb^ £ la^ ^ 7>7]7l^-nfl^ollA^ ^3jHfl^= ^ ^-(12)^ ^ 

^^>7l 71^(13) A r °H ^^T^l ^ojo)) ^ ^ X}7}^%(16)°] 

£ 2afe <a^Al<^Hl o^H, 71^4 ^ tifl^ *>^1^- 40)011 ^ 

£ 2b^r rfs- ^aHH S^o}, ^afl^ * r *m 

Z\7.}7)7}^ AHofl 31^ S.^ Ji^f^ ^ *}7l7l^M^ 7flSf 

3tl ^51 M-Bl-vfl £130] Cf. 

£ 4^r ^*H1 ^ tilJSl^^ ^ 7>7l 71^-nfl^^] cfl^ t.>7] *\ uJ-Bf 
HE ZLSfl^olcf. 
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£ 7£ ^ alS^l^ ^3] x|.7]7i^.nll^oil rflt!: X*I ^(XRD) sflU 

(SNR)# ^7>A] 2} ^ 7}7) 71^-nfl^ofl ^ ^ojcf. 

<io> ^-^Ji HDD (Hard Disk Drives)°H ^ 

^o] Tg^fl 71^- ^ (LMR, Longitudinal Magnetic Recording)^: *Jli 7l^-^ jl 
llSsHl ccfB]- 7-}7] « (magnetic media) *1H 7}^^o]^] 7^7} 

^7} 7.}7]o]^ ^lH^l (magnetic ani sot ropy energy) 7} HDDS] ^^-ofl 

<*| ^-^^feVlPim^l (thermal energy) Ji 4 <g4*H , 71"^ ^Ji ^r^M^nett^,- 

^^-7]-^ (super paramagnetic effect )# iHStr 1 }. °1 3 t!: ~^#*r^^s^ 

^^-i: ^*}7) HDD 7l#^ 71^ igifl 7.1-71 ^.^^H Afl^ 

z\ *M 71^- «J-ai (PMR, Perpendicular Magnetic Recording) U 0 V ^^-S. 

*lul XJcf. ol PMR 7}^ ^-g: 71^51 LMR 7^ W^H, ^7>7l ofl 
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4*1 51 ^ 3>*>7fl °fl4*l» ^lHi 5&°1*1 ^-Hf- ^£.2] JH^s}.^ -fr4*} 
4 , ojs]^- J7^3E PMR Jl^S. 7fl^ sflH^ 4# 4^ ^ 

<H> ZL 7fl^°J £ la4 £4. ufl*fl4 ^-o , -3-5} SE^r 

W^^^ ^ 7l# (11) $H 71^- £ 7^44 ^ «fl^# ^7>Al7]^ ^ 

21 «fl# *>44 (under layer, 12), 7}^& $3. 4-n 2 -* 7}& tfl*H ^ 

-M^M 4*>4 ^4 44 o]^ ofl44» ^4 44 4^4 

(perpendicular magnetic recording layer, 13), 4 ^4 7>7] 7]^- 4 

^4* ^3 f^^Ej llsfe 11°^ (protective layer, 14) ^ 3r#4 
(lubricant layer, 15)* 5E.^"«>J1 &4. 
<12> nfl^} ^2:44 ^4 7>7) 71^-^(13)^- 444(12H1 4*M 4^ -g- 

4"^ (magnetic easy axis)°l 4 1 3°fl 444 ^4 u o v ^=-^-S tifl<144 ^4 47l 

4»<M3 4144* 444 44, ZL ^4 ^4 444^ 7^4 7Hr44. 
<13> *r4 ^>7l7l^ ^144#4 71^-^H^ ^444 7]-l=-44 

4444 <g*-fr-=M| ^fetj-. 
r ^ r .,.-<14> £ laofl H4€ 44 ^ ^Bflo] ^4 7>7l7l^-^ 44 -Til" ^ 

-»>*:*^ 3. A>-g-*]- JL_7-}-^- 4 °-^tt Co4 ^-ir ^S. 4-§-^r4. o) ^jpi^^tifl^..^ 
•NMfc.*- -~ ^ 7>>7]7l^-^- A>o]o)l ^344 37l.*H7> 18% ^£S-Pfli 3*1 1. 

s 4^1 ^4 7>7l7l^Sl ^4 Bfl^o] &*\}%°) &4. 5&tr ^44 

44 3 7l 44 7> 4*1<3 ^4 *m 444 4^1 ^4 444^44 ufl 

3r#?r ^ £71 #44 444-2.5. <gs^ s.^^. xl^d €ff°l, S 
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ib<>fl w>sf ^ ^\7)^%-(ie)^o]^jL tb 

7l**^ *MI* ^A]7H #*fl ^3 ^>7l7l^S] 7>7l ^ ^ o. ^ >7 ] 
°fl-g-ofl ^^O.S. <M 7}7l7l^-^ 7l^7fl^til(SNR) ^# 
<15> ^ t ^3] Wfl^ ^^^^-S ^-g-^TT Ti ^ ^ 

MVnV ^^cq ^ tiflf§: ^Hfifl^ A 0507} ^Tfl i^u} 

M-^rf. OliS). Qo] tifltg: ^ Bflf£7f M-^ ^-f ^-5}- 

^ 7>>7l7l^-^ ^3] tifl^Ajofl <^## u]^ ^ 7.>7l7l^-^ A # 

507} Ir^sfl^q-. 

<16> o]^ £-8: ^ 7>7l7l^-^ 371 ^7}S} ^yfl^o] 7^>^ 

[«V^ol 0]=J17> ^ 7l^^ uZf^] 

4 ^ 7,f7l7l^-^ ^^^7> 371 f°lb 34 ^Hl ^-71 s>*l^q 

^ Ufl^ ^-g- ^Al^ ^ ^3] 7>7l7l^- ^SRr 

rf0 h_^ a . [t^s} ?q * a}-g-] 

• <18> £ Aj-71 7l^^ ^^>7l 

<19> 71^ ^ 7J-71 7}^ *}°H, 4^*11*^ ^7>» ^HV ^3 Ji^o] 

15nm °1^ ^15. 3*3 3# ^-^^-S. *}*f ^3 7f7l7l^-^^l- ^1^-tVcf. 
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<21> ^ofl <^ ^ *>7l7l*|-H||*M &<H^ f # 7 ] ^3] i^ol 

(Pt), ^"(Au) ^ ^Sff-CPd)^ o}^o]^\ ^6\]*] ^l^S)^ s:>l4 

<22> £ ^ofl ^ ^>7l7l^- nfl^flofl , ^ ^ tifl^ *>*1*M 3 

^Slfe ^^(Ti) S^r o^o^fe. Hf^^cf. 

<23> ti>^^ ^X\^]c]) #7] ^ 7>7l 71^^ CoCr^l 

<24> M^o} B}^^ ^AHlofl ^71 =^3] 7>7l B , Pt , Ta, 

V, Nb, Zr, Y ^ Mo.2-5. ^€ Hf-<M -id^^ *>M- #13-8: 13| 

<25> «V^o]] <^ 7>7l7l^-ol|^^ ^ti>^^] ^-S-^^V 0>U|^ ^-71 7]' 

^-4 ^ Wfl^ A>o]o)l <*Upg C] Ifsfe °}^% =^Si, SE^ #7] 

<26> o^} 51 ^ %^>^Ai tg-iga] ^ o.s. -g^SM^. 

<27> £ 2a ^ 2b^r ^°fl 51 ^ 7>7l7l^-nll^Sl ^» 7 fl^ J£ 

5Jo]cf. £ 2a£l ^-f £ ^oll 51 *V ^2] 7>7l 71^-n)]^^ ^2} B fl^= S>*1 
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^(22)4- ^ X}7] 71^-^(23)^ ^fjs] 3.7) £t\ ?}JL ^tifl 

^H3(A 05O)# ^Al7l7) ^l^-(22)2l- ^3 71-7171^-^.(23) 

Afolofl ^31^ i7j-nv ( 26)^; ^^^H SNR 51^51 71^- ^-g- 

3* ^ ^q-. 

<28> £ 2b^l ^^Rr, ^oll ^ 71-71 71-1=- nfl^^ ^ tifllg 5>^1 

f^>*l 71^(21) $H ^3^R3 J±#^(26)# f^tb *M 

71-71 71^-^(23), ^^"(24), &%^(25) ^ <£^-°-3. , ^7>7l7l 

^(23)^ 3*HH^ 371 *>ol* Jitf ^A]^ *M*>7l£aj-^ ^^l^> 
-H ^afl^:S.Aj(A^50)^: 7H JHd JL#^(26)4 SNR^ 4 ul^ 

<29> Aj-71 ^ B-Aj ^7j-n|-(26)^ ^1^ «fl ^ ^ °1 ^ ^°fl 

^JE s.«l ^-g-(Pt), ^ (Au), ^2l-#(Pd)ol aV^SM, =l ^v\)±r 15 nm 

Ol^-ol £)<>|0>^; ^-ol o>^^Ol Cf-g- . <£$is}?\) 

^ ^ tfl^V -jl^ 0)u]^r £ 

71 o>qsH, <M 7>7l7l^-n]l^Hl ^-g-^ ^ 5U^r 

<30> p t =0.5. Ol =Ol^| ^ ^.Tj-Dl-Ol S}7lB}-4 7>7l 71^-^ ^^g^7> ^L7l 
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<3i> £ 3^ ^afl^ ^rS A}-g-£|fe Ti, A A A^^ 

3. CoCr^l ^ £ *V-§-*Hr Pt3 ^ ^ 

^A ^ alJ2*H AA^ 

<32> £ 3-2.5.-^, Ti (OOOD^^-S. ^^J-S)^, #51]^ 2^ 

^ ^>^^r 5.9A<?] 3# ^ ^4. AAA^^r (0001)^3. ^ 

MSl 23 °H 5.0lA<£t}. v$^x] nv a]. 

^3*} H7] *W^. i8%6fl ^Sh}. 3.71 *}o}^ J= 

oj- A^jofl ^>7l^0.5. 3Hr 7>7] T^lJj- ^ 

<33> uJ-bH, £ ^-Br ^*>« w o^l*>7l Ti5 q. 

CoCr^ ^#3K5.55A)Sl Pt, Au SE^r Pd» *M *>7l7l^ A>o]«>(| ^ 

^ ^M|3. ^Al^ #7l<4 ^ #?i^3 ^^fl^cf. S*V Pt, Au, 

Pd ^-8- «flW3* 5>7j nfl^-ofl ^7l7l^-^ ^3] ^ 

«fl* *H§0*£ A 6 50)"a °Mr3 %M>VX|2J ^ ...... 

<34> oISHHtt ^MI^S. ^ HlS^l* §<H ^]«>7ll 

<35> <^A]^1 1> 

<36> 0.635 mm ^l^l -R-e)7l^ 3H] Ti 40 nm % ZL 

*H Pt *r*l ii^-nv^. 30nmS HS.^^. #7l Pt ^^1 $H t^! 7>7l 
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71-1=- *Hg^«a CoCrTfl ^ *hg$"fr 40nm ^f>\<&SL*\ , ZL $H 

a.3.>H ^i^-fr lOnm, ziejjl £^0.3^ Ausimont^ Z-D0L(0.04%)-§- 2nm 

<37> <^^1^ 2> 

<38> p t iL#nv.g- 50nmS. £5t *H^*>J1^ ^Ajafl is)- ^ 

<39> <^Al<^] 3> 

<40> -fre) 7l^r ^6)1 Ti *>*1^M- &JI ^ Pt *M IL^-fr 50nm ^ 

TllS £3L^r 3* ^l^Jl^r ^aHI 13}- 2g.<£$. SLsL ^3] 7>7l 71^- c^a. 

<41> <^A]ofl 4> 

<42> -freM^H NiFe^l ^F^-fr 400nm^l3. Pt ^-^-Aj Ji^sJ- 

^^7>7l7l^- t^3* ^1^1-^4. 

<43> <^AH1 5> 

<44> -frBl7l* NiFeTfl ^H§^-g- 400nm2l ^ Ti *r*|i« 

20nm^l5. ^ Pt *r*)^| Ji^^M: lOnm^ ^MlS. 3 

* *l|£|*K3I*r ^AHl 14 Hj-lg O.S. Ol^o^ -31^71 V]^ 

ri« ^lS^^cf. 

<45> <^AH1 6> 
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<46> 0.635 mm ^v\}2\ -R-e)7|:& iflofl WxFeA ^Kj^ lOnm^lS. %^ if 
Ti is}*} *2}-§r 40 nm Z.£.f>\JL <£4=-q°-3, ^*|*Md S-ft^ 

20nm 3# ^1^s>ji^ ^X\d\) AS, ^a} ojf^ 

<47> <^a]^1 7> 

<48> 0.635 mm -fi-EM^ $H NiFeTfl lOnm^^lS. f^tt ^ 

Pt ^ ^.^nV^. 10nm 3}^ ^A]o^l 63 f U o V ^^-S. ( ^ 

<49> <^A]ofl 8> 

<so> 0.635 mm -B-e)7l^- 3H1 Ti 40 nm ^v\}3. 3#t!r 4s Pt 

^ J^njvg- (30) nmS. £X^r NiFe^l ^MS^-i- lOnm S.3.v}3L 

^) Pt ^2] H7J-^ 10 nmS. £15}^^. =L $H ^31 ^>7l7l^- 7.>^^^1 

CoCrTj] ^ 7>^j 50nm zi iflofl iLl^S^ 

^ lOnm, ZLS^Jl ^f^ASAi Z-D0L(0.04%)* 2nm £S.§><^ ^a} o] 

<51> <^A]^ 9> 

<52> 0.635 mm -fi-eM^ Pt ^ J2.#^* 30 nmS. £i^r 

NiFe ^Aj^vg- lOnm ^MIS. ^£.*}JL, :z Ti *M^Mr 40 nm ^v\]3- 3# 
Ti *W i=M p t ^3] ^.7^^ 20nmS. £i^>^cf. n <?H ^ 

3] 7.>7l7l^ 7>^^-o] CoCr7 |] ^ T^n^ 50nm ^flS ^^*}%<L^, ZL $H 
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ll: D -]-^S^ ^31^- 10nm, ZLZ]JL ^f^^i Z-D0L(0.04%)-§: 2nm ^f-*fl 

<53> <^*H 10> 

<54> p t j±#*J-g- 50nm ^ NiFe ^Kl^bi- lOnm ^MlS HS.^>JL 

<55> <^AH H> 

<56> Ti ^ tifl^^-* 40nm SJE^ ^ Pt Ji^-fr 40nm ^ NiFe 

<S^^-# lOnm ^v\}S. 5lZ.-s\3L ZL $H1 *>7l 7|^- ^ £1^ 

<57> <W]5I^1 1> 

<58> 0.635 mm -R-iil7l# u>3. ^2} ^7] 7l^- t^^^I CoCrTj] ^g- 

*HS** 40nm ^lS. #^>^^ , ZL li D ^SAl Ih^l ^ lOnm, 

ZL?]3L ^S^o.^ Z-D0L(0.04%)^- 2nm JEi*H #Hfl^ ^S>) 

<59> <ti]ia^| 2> 

<60> 0.635 mm -fKM^ $H Ti S^l^-g- 50 nm 

^ofl 7.f7l7l^- CoCrTfl ^ *M§M- 40nm ^15. ^^*>5ft , 
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n. HJLBj-^S^ ig±7f\ s}-g- lOnm, ZLEjJI ^#^5.^ Z-D0L(0.04%)-g- 

2nm -£5E*H ^2fl^l ^SSl *M *>7l 71^ cliaf ^lS*>^c}. 

<61> <WliE^l 3> 

<62> 0.635 mm -freM* $H Ti tfl-g Pt» <>l-§-*M *r*l^-i: 40 nm ¥ 

<63> <W]iHofl 4> 

<64> Pt iL^nVoj ^flg. io nmS *r 3i# *ll^}:ELir ^^Hl 14 

*M 7>7] 71^- C)iat aflssHm. 

<65> o]Al-4 ^-ol *fl^ ^*H1 ^ ^7] 7]^- c]A 3 ol] cfl *V 7>7l *j S- 

^ ^ ^4* £ 4<H1 i4Efvfl^4. £ 4<M, Hc/Hck^r *H3*N ^>7H j^-fr 
VSMCVibrating Sample Magnetometer)* ©l-8-*M ^^1°H ^fltr :£.*r^# ^ 
*r &(Hc)4 Kerr ^>^^1# °l-g-*H *H33" JS.*}^ &(Hck)* 

«ls^r &3\-°}t±, o) #o) 5^4^. ^ #21)7} iL*}^ 7^Jl &tr 

Jl «■ 4 1 SZul, ol #o] ^Tj-^ ^Ajofl o]^ 17}^ ^*>7> ^CfJl # 

<66> Hc(L)/Hc(P)fe ^ 7>7l7l^-^ ^^J^ofl tfltb J±*r3(Hc(P))3r 

qH tfltr Ji^(Hc(L))^ wl« M-Hl-va iM^. °1 ^3 ^t^" 
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7§+ <*A] igj-igofl pt/Ti ^3L$\ X}7]7}^*m(*2.*]<*} 1)7> 7># -f 

<67> £ 5tt 41 *H 1 £J tilJUoj] 1, 22] 7\ 7 ]7]^^ tfl«H Ku(^ *>7l o] 

^7l7l^-nfl^] 7 > fe^ Ku, Hk, Ms M-BHfljl &-§--§: ^ & °-°l , 3 

<68> £ 6-gr 1 ^ WliU^ 2, 3^ ^ ^>7l7lS.Bfl^6|l cfl^ ^ Wfl# 

^3]«fl^:ol ^ si 4\v]ifrt\.. U)mL<>\] 2^3^ UlSSM -|UH 1$H 

<69> £ 7 *- ^ p t ^^-Al^l ^A^l 1 ^ ^A]6|| 2 , ZLSjal 

e.o]t%. s. 7<H] Pt (in) Ael7\ ^*>t|] M-^-M-Ji Pt ^ a. 

7J-^ ip*J|7} 10 nm^l 3-?- ^ #e«7> *fltflj£. o]^^^ oj. ^ 

^ ^ SU^. 
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<70> ^6\] o^tb ^ ^ 7 }7l^nl)^^ 71^4 7>7l A}o) 6\] , £ ±=. 7 ] 

sfrcq ^ Bfl^iJ. X}7]7}^ Aj-ojoii Pt, Au SE^ Pd ==p^ «fl^= 

7] *>oH o]^- a^^o. o^^, £ ^ Pt( Au , Pd ^ -f^ 

^ SL3. tl*H ^r^^>7l7l^^ tffl^ J^-fr ^^^-Tfl ^Al^ ^ 

sa^f. ^-^l ^ &#^°\} pt, au, Pd ^p-ss °i*> 

7l 7l^-f2l 7}7l^ SNR ^H), ^ 71^- a.- 4, 
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1] 

15nm 3#€ ^ ^ ^ 7l *fl . 
2] 

*fl 1%H) floH, 71*3)- A>o]cfl f ^-71 ^ 7>7j 7^^ 

21 tiU^^r -B-S^ 3 S^Rr 3* ^^Aa 5}^ <M 7>7l 

[^T 1 ^ 3] 
[3^8" 4] 

*fl2*<M] sa<H>H, #7l ^ aflt§: ^l^o] El^(Ti) n t^AS 

5] 

m** SEfe *]2*M 91°) *\, #7} ^ 7>7l 71^-^ CoCr^] t^^S o] 
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61 

*I15*cM1 9X°]*), #7] ^ A?\ 7l^-^-o] B) Pt, Ta, V, Nb, Zr, Y ^ Mo 
7] 

I^T 1 * 8] 

n ^-7)1 7> 15nm ^'o S ^ ^3] 7>7l 71^-nfl^. 

9] 

10] 

^1* Sfe ^12^1 5a<H>H. tifl^4 ^3) 7.>7l7l^-^ A>oH 

o^HgnJvg- ci ol^f, ^o] ^ Jf-^ O.S S}^ ^3] ^7l7l^- - 
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la] 

s 5:^(14) 
*m 7 |^°t(i3) 

HH^ 8FA|«at(i2) 
1) 



[£ lb] 

g»^(l5) 
*±«t(14) 

gst£(l6) 

4^«J ua« 8fA|et(l2) 
7|^(1 1) 

IS. 2a] 

Stt«f(25) 
Sj£Qt(24) 

❖ S^0(26) 
4^ 4V S^l^(22) 
71^(21) 
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[51 2b] 

SSfat(25) 
Siet(24) 

X\7\ 7|^Qf(23) 
71^(21) 
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